Fabrication of magneto-optical waveguides inside transparent silica xerogels containing ferrimagnetic Fe3O4 nanoparticles.
Magneto-optical waveguides with a refractive-index change were successfully fabricated inside silica xerogels containing ferrimagnetic Fe3O4 nanoparticles (NPs) using femtosecond laser processing. Aminopropyltriethoxysilane-derived xerogels were prepared via a sol-gel process with aqueous solutions of Fe3O4 NPs synthesized by coprecipitation. The mass/volume concentration of Fe3O4 NPs in the xerogels was determined by comparing the absorbance of the xerogel with that of an aqueous solution of Fe3O4 NPs. We evaluated Faraday rotation angles for light propagating through waveguide structures in xerogels containing Fe3O4 NPs at mass/volume concentrations of 0.087 and 0.148 mg/cm3 at a wavelength of 488 nm. Ferrimagnetic saturation of the Faraday rotation angle was observed, which is consistent with the magnetization curves measured at room temperature. Magneto-optical waveguides can potentially be used to produce micro-sized Faraday devices, such as optical isolators, high-density magnetic recording devices, and optical sensors, which can be integrated with optical and electronic hybrid circuits.